WHAT'S KNOWN ON THIS SUBJECT: A previous study of inflatable bouncer-related fractures has shown that upper extremity fractures are most common, and many fractures are caused by collisions; however, no study has examined nonfracture injuries or used nationally representative data to investigate inflatable bouncer-related injuries.
Inflatable bouncers, such as bounce houses and moonwalks, have become a common source of entertainment for children. 1 Despite their popularity, recent media reports of individual incidents, 2 non-US case studies and reports, [3] [4] [5] [6] [7] [8] and a US study investigating pediatric inflatable bouncer-related fractures 1 raise concerns about the safety of these devices.
Relatively little is known about the epidemiology of inflatable bouncer-related injuries in the United States. US Consumer Product Safety Commission (CPSC) reports have analyzed inflatable amusement injuries by using data from the National Electronic Injury Surveillance System (NEISS). [9] [10] [11] [12] [13] [14] [15] A 2009 CPSC report estimated that 31 069 inflatable amusement-related injuries were treated in US emergency departments (EDs) from 2003 to 2007. 15 However, only 1 peer-reviewed study has examined inflatable bouncer-related injuries in the United States, and it focused only on fractures and was limited to 49 patients treated in a single urban ED over an ∼4.5-year period. 1 Although authors have drawn parallels between trampolinerelated and inflatable bouncer-related injuries, 1, 16 bouncers have escaped the attention garnered by trampolines in the medical literature [17] [18] [19] [20] [21] and public policy arena. [22] [23] [24] This study is the first to use nationally representative data to calculate national injury rates, assess injury characteristics, and examine trends for all types of pediatric inflatable bouncerrelated injuries treated in US EDs.
METHODS

Data Source
The NEISS is a nationally representative stratified probability sample maintained by the CPSC, consisting of ∼100 hospital EDs in the United States and its territories. Collected data include product codes, demographic characteristics, injury diagnosis, body region injured, disposition from the ED, location of the injury event, and a short narrative describing injury event circumstances. 25 
Case Selection Criteria
Data for cases with NEISS codes 3219 ("other playground equipment") or 1293 ("amusement attractions, including rides") were obtained for children #17 years old for 1990 to 2010. The narratives of these 12 317 cases were reviewed to identify those meeting our study inclusion criteria. 26, 27 Cases involving inflatable jumping amusement devices, such as moonwalks and bounce houses, were included. A small number of cases, which involved inflatable slides attached to bouncers, inflatable obstacle courses, or inflatable playground equipment, were also included. Jumping castles and houses were included because Internet searches identified these terms as synonyms for inflatable bouncers. Similarly, products described as playground and party jumpers and bouncers were included even when they were not explicitly described as inflatable. Although jumpers or bouncers could refer to noninflatable jumping products, such as baby jumpers, baby bouncers, or trampolines, these potentially confounding products are classified under other NEISS product codes not reviewed by our study. 26 In addition, Internet research confirmed that jumpers and bouncers were usually inflatable jumping products. Noninflatable playground equipment-related and amusement ride-related injuries were excluded. Cases with ambiguous descriptions, such as "amusement house" or "ride," were excluded. Inflatable slides not specified as attached to bouncers were also excluded. In addition, inflatable climbing walls, games, mazes, and boxing rings were excluded because jumping is not the intended use of these inflatable products. Injuries occurring exclusively outside of the bouncer and cases citing heat exhaustion or a seizure were also excluded.
This review of case narratives yielded 2397 bouncer-related cases. In this study, the term "bouncer" refers to any type of inflatable jumping amusement device meeting the inclusion criteria described earlier.
Variables
Based on categories used in previous trampoline and bouncer studies, 1, 9, 18, 19, 21 the primary mechanism of injury was categorized from the NEISS narratives as follows: the patient (1) was in, on, jumping, or playing in the bouncer; (2) fell from or out of the bouncer, jumped off the bouncer, or was injured while getting on or off; (3) fell in or on the bouncer; (4) collided with or was pushed or kicked by another person or another person fell on top of the patient; and (5) other or not otherwise specified mechanisms, including got caught in bouncer netting, hit a pole of the bouncer, and the bouncer blew away or fell over.
Patient age was grouped into 3 categories: 0 to 5, 6 to 12, and 13 to 17 years. The cutoff of 6 years was based on the CPSC' s recommendation against the use of full-sized trampolines for children aged ,6 years. 28 Body region injured was categorized as: (1) upper extremity (NEISS categories of shoulder, upper arm, elbow, lower arm, wrist, hand, and finger); (2) lower extremity (upper leg, knee, lower leg, ankle, foot, and toe); (3) head and neck; (4) face (face, eyelid, eye area, nose, eyeball, mouth, lips, tongue, teeth, and ear); (5) trunk (upper trunk, lower trunk, and pubic region); and (6) other (25%-50% of body, all of body and internal).
Type of injury was categorized as: (1) soft tissue injuries (NEISS diagnosis categories of contusions, abrasions, and hematomas); (2) strains and sprains; (3) lacerations (lacerations and punctures); (4) fractures; (5) concussions and closed head injuries (CHIs; NEISS codes CHIs as internal organ injuries to the head region); and (6) other injuries (all other NEISS diagnosis categories). The NEISS category of internal organ injuries was grouped with concussions because all internal organ injuries were to the head region in this study. Disposition from the ED was categorized as: (1) discharged from the ED (NEISS categories treated and released, examined and released without treatment, and left against medical advice); and (2) hospitalized (treated and transferred to another hospital, treated and admitted, and kept for ,24 hours for observation). Location of the injury event was classified as: (1) home (including apartment and condominium); (2) sports or recreation place; and (3) other (all other NEISS location categories).
Data Analyses
Statistical analyses were conducted by using SPSS version 19.0 (SPSS Inc, Chicago, IL), SAS version 9.2 (SAS Institute, Inc, Cary, NC), and SUDAAN version 10.0 (Research Triangle Institute, Research Triangle Park, NC). CPSC-developed sample weights, which include adjustments for sampling changes, were applied to calculate national estimates. 25 All reported results are based on weighted data and are accompanied by 95% confidence intervals (CIs) when applicable. National injury rates were calculated per 100 000 US children aged #17 years by using annual US Census Bureau July 1 population estimates. 29, 30 Weighted linear regression analyses of annual injury rates were conducted to test for trends, and x 2 analyses and relative risks (RRs) with 95% CIs were calculated to compare sample subgroups. All statistical tests were considered significant at a = .05. Subgroups with ,20 actual cases were excluded from analyses to eliminate instabilities due to small sample sizes. The institutional review board at the authors' institution approved this study.
RESULTS
National Estimates, Injury Rates, and Trends Over Time
An estimated 64 657 (95% CI: 32 420-96 893) children aged #17 years were treated in US hospital EDs for bouncerrelated injuries from 1990 to 2010. Patients aged 0 to 5 years accounted for 35.8%, patients aged 6 to 12 years accounted for 54.0%, and patients aged 13 to 17 years accounted for 10.2% of total cases. The mean age was 7.50 years (95% CI: 7.17-7.83). Male patients accounted for 54.6% of injuries (Fig 1) .
The annual rate of injury per 100 000 children increased significantly (m = 0.490, P , .001) by 15- 506). The majority (55.2%) of injuries occurred during the last 5 study years. In addition, injuries exhibited a seasonal trend, with injuries peaking in June, and 74.8% of injuries occurring between April and October (Fig 3) .
Description and Assessment of Injury Episodes
Type of Injury and Body Region Injured
Fractures (27.5%) and strains or sprains (27.3%) were the most common types of injury ( 
Mechanism of Injury and Location of Injury Event
Falling was the most common mechanism of injury, accounting for 43.3% of injuries, with falling in or on the bouncer (26.1%) occurring more frequently than falling out of, jumping off of, or being injured while getting on or off the bouncer (17.2%) (Tables 1 and 2 ).
Mechanisms involving another user constituted 16.2% of cases, with 9.9% attributable to colliding with or being pushed or pulled by another person and 6.3% occurring when another person fell on the patient. Mechanisms of injury varied slightly according to age group. The location of the injury event was known in 65.2% of cases and was distributed between public and private venues. Among those with a documented location of injury, 43.7% occurred at a place of sports or recreation and 37.5% occurred at home (Table 1) .
FIGURE 1
Estimated number of children aged 0 to 17 years treated in US hospital EDs for inflatable bouncer-related injuries, by gender, 1990 to 2010. Estimates were not calculated for ages 0 and 16 years because there were ,20 actual cases for these ages, making estimates unstable. Total estimates for ages 15 and 17 years were based on .20 actual cases, but estimates for male and female patients for ages 15 and 17 years should be interpreted with caution because there were ,20 actual cases for each gender subgroup.
FIGURE 2
Estimated annual rate of inflatable bouncer-related injuries per 100 000 US children treated in US hospital EDs and estimated annual number of inflatable bouncer-related injuries to children treated in US hospital EDs, 1995 to 2010. 
Disposition From Emergency Department
Most patients were treated, examined and released, or left against medical advice (96.6%). Only 3.4% of injured patients were hospitalized or kept ,24 hours for observation. Fractures accounted for 81.7% of injuries requiring hospitalization or observation.
DISCUSSION
Nationally, the annual number and rate of pediatric inflatable bouncer-related injuries demonstrated a dramatic 15-fold increase from 1995 to 2010, with even more rapid increases during recent years: the annual injury number and rate more than doubled between 2008 and 2010 alone. In 2010, a total of 31 children per day were treated in US EDs for an inflatable bouncer-related injury, which equals a child every 46 minutes nationally. This epidemic increase highlights the urgency of addressing the prevention of inflatable bouncer-related injuries among children. The reasons for the large increase in observed injuries are unknown and may be related to increased use of inflatable bouncers by children, possible changes in the design of bouncers that increase injury risk, possible changes in ED care-seeking behavior for treatment of these injuries, or possible changes in documentation or reporting of these cases.
Bouncer-related injury patterns identified in this study were similar to those described for trampolines. 17 For both trampolines and inflatable bouncers, the frequency of upper extremity injuries and fractures decreased and lower extremity injuries increased with increasing age. 17 Similar to findings of Smith and Shields 18 for trampolinerelated injuries and the study of bouncer-related fractures, 1 more male patients were injured than female patients in this study; however, our sample contained a larger proportion of female patients (45.4% vs 26%) than the previous bouncer-related fractures study. 1 In addition, the proportion of injuries (3.4%) requiring hospitalization or ,24-hour observation in this study was similar to the proportion observed for trampoline injuries. 17 Injured body region and injury type patterns were also similar to previous studies. Consistent with trampoline study results 17 and the bouncer-related fractures study, 1 this study identified a significant association between fractures and injury to the upper extremities. In a comparison of mini-trampolines and full-sized trampolines, the lower extremity was the most frequently injured body region for both trampoline types. 19 In addition, lower extremity, followed by upper extremity, injuries were most frequent in another study of trampolinerelated injuries, 18 similar to findings in the current bouncer-related injuries study.
Unlike the previous bouncer-related injuries study, 1 this investigation highlights the significance of nonfracture injuries (72.5% of all injuries). The .4500 estimated concussions/CHIs in this study demonstrate that bouncers pose serious risks beyond skeletal injuries. Furthermore, the high frequency of strains or sprains (27.3%) and soft tissue injuries (18.0%) shows that bouncer usage leads to other nonskeletal injuries severe enough to require ED visits. In addition, although all of the bouncers used by the 21 persons surveyed in the bouncerrelated fracture study were rented and used at home, 1 the bouncerrelated injuries in this study occurred at both public and private venues and most frequently occurred at places for sports or recreation.
Understanding injury mechanisms is critical for formulating policy recommendations. In the previous bouncerrelated fractures study, telephone interviews with 21 patients revealed 3 mechanisms: collisions (67%), falling out (19%), and twisting a leg (14%). 1 Drawing on a larger sample, we provide a more comprehensive analysis of primary mechanism. Falls were the most common mechanism and accounted for 43.3% of injuries, including falling in or on the bouncer (26.1%) and falling out of, jumping off of, or being injured while getting on or off of the bouncer (17.2%). The introduction of design elements to bouncers to contain falls may help prevent this latter group of injuries. This estimate is consistent with the 19% of patients found to fall out of or slip off the bouncer "onto a hard
FIGURE 3
Estimated number of children treated in US hospital EDs for inflatable bouncer-related injuries, by month, 1990 to 2010.
object" in the previous bouncer-related fracture study. 1 Stunts and collisions were common injury mechanisms in this study and in previous bouncer and trampoline studies. 1, 9, 18, 19, 21 According to the CPSC, jumping or sliding head down or attempting flips is associated with increased head or neck injury on inflatable amusement devices. 9 Almost 2000 injuries in this study resulted from stunts. This estimate is alarming, because stunts, especially flips, on trampolines are known to be associated with neurologic injury. 18, 31 In addition, the presence of multiple children on a bouncer at the same time is a known injury risk factor for bouncers, 1,9 similar to trampolines. [17] [18] [19] [20] [21] Restricting multiple usage to similarly sized and aged children on bouncers has been recommended, 1 as has prohibiting multiple users on trampolines. 22, 23 An estimated 16.2% of injuries in this study involved another user. Many of these injuries were collisions, but more than one-third occurred when another person fell on the patient.
Our findings demonstrate similarities between trampoline and bouncer injury mechanisms, types of injury, and body regions injured. The rapid growth in bouncer-related injuries and their shared characteristics with trampoline injuries call for guidelines for safer bouncer usage. More than one-third of injured children in this study were ,6 years old, which is the age group for which the CPSC recommends against trampoline usage. 28 In 2012, the American Academy of Pediatrics reaffirmed its recommendation against any home or other recreational usage of trampolines and recommended use only as part of a structured training program with appropriate safety measures employed. 22, 24 Policy makers must consider whether the similarities observed in bouncer-related injuries warrant a similar response. Because 32 These voluntary standards include design, manufacture, installation, operation, and maintenance guidelines, and they are aimed at the manufacturers, owners, and operators of inflatable amusement devices. They include guidelines for the installation of these devices, and recommend that operators follow manufacturer specifications regarding the maximum capacity by weight or number of users, as well as the physical requirements for users, including age, height, and weight. The standards also call for the prohibition of bodily contact, flips, and dropkicks by users in accordance with manufacturer specifications, and supervision by trained operators. 32 In addition, in 2001, the CPSC issued a safety bulletin aimed at reducing inflatable amusement-related injuries through improved inflatable slide and bouncer operation, inspection, and installation. 33 Although these ASTM International voluntary standards and CPSC guidelines represent a first attempt to improve inflatable bouncer safety, they leave most safety guidelines to be determined by individual manufacturers. To date, the medical and public health community has not provided safety recommendations regarding pediatric use of inflatable bouncers.
Analyzing NEISS data presents several limitations. Estimates are based only on patients who sought treatment in an ED; therefore, children who forwent medical treatment or sought treatment in non-ED locations are not included. In addition, variation in the level of detail of case narratives prevented us from identifying more detailed injury mechanisms in some cases, determining whether injured users were provided with instructions or warnings before bouncer usage, and exploring risk factors investigated in related studies, including adult supervision, 1,18 multiple users on the bouncer, 1,21 and the surface underneath the bouncer. 18 The lack of both a unique NEISS code for inflatable amusements and a standardized coding name for different types of bouncers prevented us from analyzing differences across bouncer types. The absence of inflatable bouncer usage, rental, manufacturing, or sales data also prevented us from determining if increased usage was the cause of the increase in injury number and rate. An additional limitation was the lack of outcomes data beyond the initial ED visit.
CONCLUSIONS
Thenumberandrateofpediatricinflatable bouncer-related injuries have increased rapidly in recent years. This increase, along with similarities to trampolinerelated injuries, underscores the need for guidelines for safer bouncer usage and improvements in bouncer design to prevent these injuries among children.
